In nine strains of Clostridium innocuum, 3j3-hydroxysteroid-dehydrogenating activities were detected.
Members of the genus Clostridiimn always seem to be present in human fecal flora (11) , but they normally belong to the accompanying or remaining flora (103 to 106 of approximately 1011 organisms per g) (24) . At least 45 species and numerous unspecified clostridia have been isolated from human feces (11) , although most of them have been found only in specific individuals. Clostridijmn innocuiumn is one of the more frequently isolated species (11) and may become part of the predominant flora of humans (109 to 1011 counts per g). Members of the genus ClostridiiOn were also frequently capable of performing redox reactions with hydroxyl groups at C-3, C-7, and C-12 of bile acids (16, 18) . These reactions are among the most important bacterial bile acid transformations. Oxidation of 3(x-,7(x-and 12a-hydroxyl functions is explained by the presence of stereospecific x-hydroxysteroid-dehydrogenating activities, whereas epimerization requires a bacterium elaborating suitable a-and 3-hydroxysteroid dehydrogenases (HSDHs) together.
Certain lecithinase-lipase-negative clostridia (5), Clostriidiiam absotnuim (19) , and Clostridiiumn liminosin (29) are the only examples as yet known in which intraspecies epimerization at C-7 of bile acids occurs. Besides PseiudoInonCas testoster-onzi (23) , Eubacterium lentumI and Clostr-idiiiinn perJiingen'.s (16, 18) are the only species capable of intraspecies epimerization at C-3. 3P3-Hydroxyl group epimerization of chenodeoxycholate and its 3p-epimer in C. pemfringens was recently demonstrated to proceed via a redox mechanism involving a 3-ketone as the intermediate (3) . Interspecies epimerization, performed by two separate bacterial species, one elaborating an x-HSDH and the second elaborating the corresponding ,B-HSDH, has also been demonstrated. 7p-HSDHs were detected in Peptosti eptococcius productius (13) and Eubacteriumn aleroic(iens (13, 22) , whereas 123-HSDHs were found in intestinal Clostr-idilOn species, especially Clo.stridilm parapiitrificum (8) . Bacterial 3f-HSDHs were, however, unknown before we found this activity in C. Mainz, Federal Republic of Germany, 1986). Such enzymatic activities should contribute to the in vivo formation of 3p-hydroxy bile acids in combination with the formation of 3(x-hydroxy bile acids by other bacteria possessing 3a-HSDHs, as was shown in vitro with the 3ot/3r-HSDHs from P. testosteroni (25) .
Stock cultures of C. innocium, originally isolated from human feces by E. Haralambie, Institut fur Medizinische Mikrobiologie der Gesamthochschule Essen, Essen, Federal Republic of Germany, were maintained as described previously (5). Bacteria were cultured at 37°C in prereduced, anaerobically sterilized media (5, 15) , the composition of which was described recently (7) . Bacterial splitting of conjugated bile acids was detected by thin-layer chromatography as described earlier (10) . Growth was monitored by measuring culture turbidity with a photometer (model 1101 M; Eppendorf Inc., Fremont, Calif.) at 578 nm.
Cell extracts were prepared from bacteria harvested during the early stationary phase of growth (ca. 24 h) as described previously (7) . However, cell breakage was carried out by sonic oscillation. Washed whole cells (5 g ) were suspended in 20 ml of 0.1 M Tris buffer (pH 8.5) containing 1.0 mM EDTA and 1.0 mM dithiothreitol and ruptured at 0 to 4°C with a sonifier (Brown 300; Quigley-Rochester, Rochester, N.Y.) at 150 W for a total of 2 min in 30-s bursts. For partial purification of 31-HSDH, the crude extract was applied to a DEAE-cellulose column (1.0 by 10 cm) that had been equilibrated with the buffer indicated above, and the protein was eluted with a linear gradient of 0 to 0.3 M KCI in this buffer at a flow rate of 22.5 ml/h. The fractions containing 31-HSDH were combined, lyophilized, stored at -20°C, and used for determination of enzyme characteristics unless otherwise indicated.
Membranes were solubilized and enzymatic activity was assayed as described recently (7) . The protein concentration was determined by the biuret method (4) . Enzyme assays were modified only in that the coenzyme we used was NADH (0.25 mM) and the substrate we used was 3-keto-NOTES transformation products were extracted and analyzed as described earlier (7) . In brief, bile acids were extracted with diethyl ether, derivatized with a mixture of trifluoroacetic anhydride and hexafluoroisopropanol (2:1) , and analyzed by gas-liquid chromatography (GLC) on 3% QF-1 (MachereyNagel, Duren, Federal Republic of Germany) at 230°C (7) . Selected bile acid structures were verified by GLC-mass spectrometry. For this reason, mass spectra were compared with those of authentic reference compounds and fragmentation pathways were investigated (9) . Bile acids were also analyzed by thin-layer chromatography by the method of Lisboa (17) . Benzene-dioxane-acetic acid (75:20:2; system 1) and trimethyl pentane-ethyl acetate-acetic acid (5:25:0.2; system 2) were used as solvents for free bile acids; isooctane-isopropanol-diisopropyl ether-acetic acid (2:1:1:1; system 3) was the solvent for analysis of conjugated bile acids (10).
All conceivable a-and 3-hydroxysteroid-dehydrogenating capacities of intestinal bacteria may be detected with a test set of five commercially available bile acids (chenodeoxycholate, cholate, 3a-hydroxy-7-keto-5f3-cholanoate, 3-keto7a,12a-dihydroxy-5,3-cholanoate, and 3 ,12-diketo-5p-cholanoate) and subsequent GLC of bile acid transformation products (8) . When nine anaerobically growing strains of C. innocuum were screened in this way, the only detectable bile acid transformation was a nearly quantitative stereospecific reduction of a 3-keto group to a 3,B-hydroxyl function, The mass spectrum of the trifluoroacetyl-hexafluoroisopropyl derivative of the transformation product with the chromatographic properties of 3P,7a,12a had diagnostically important ions at mlz 732 (4.8% relative abundance in terms of base peak; loss of CF3COOH), 618 and side chain together with C-16 and C-17 of ring D), 290 (base peak; loss of ring D and side chain), and 253 (41.9%; loss of 3x CF3COOH and side chain). This mass spectrum differed only in the intensities of fragment ions (common for spectra recorded during GLC separation) from that of 3o(p),7ox,12a published earlier (9) (in general, epimeric bile acids cannot be distinguished by their mass spectra) (27) .
Similarly, the mass spectrum of the 3,12-diketo-5p-cholanoate transformation product with the chromatographic properties of 3,;12-keto was identical to that of the authentic reference compound. Here the diagnostically important ions were at m/z 636 (molecular ion), 618 (loss of H2O), 522 (loss of CF3COOH), 385 (loss of side chain), 345 (loss of ring D and side chain), 271 (loss of CF3COOH and side chain), and 231 (loss of CF3COOH, ring D, and side chain).
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I( (K,,,) denotes the standard error of the ratio bla, where the pair (b,a) is bivariate normal with moments which are readily obtained from the distribution theory for least-square estimators in linear models (b = K,,,/Vn,,x; a = 1/Vm,,). Averages for each compound with a common letter in parentheses are significantly different. They relate to an asymptotic test for homogeneity of the means of two independent normal variates. To guarantee a multiple significance level of 5%. any of the 28 pairs of substrates have been declared significantly different if the P values did not exceed 5/28 = 0.18%.
' Measured in the presence of 0.1 mM 3-keto;12c.
[g aL 01 Uiie acius sLuuieu inI soUIII ucaii upJ Lo' "iow Michaelis-Menten constants (K,,) were calculated on the ry to the results obtained with C. perfiingens, no basis of Lineweaver-Burk plots by using initial reaction
.ifferences between conjugated and free bile acids rates. These parameters are summarized in Table 2 e for the 3oL-HSDHs from C. perfl,ingets (19) and E. innociuium and the lecithinase-lipase-negative Clostridiiim (20) values determined by us were within the range of the few data published for the 3o-HSDHs from C. pefifingens (19) , E. lentuln (20) , and the 313-HSDH from a Ruminococcus sp. (1).
Phosphate Tris-HCI Glycine-NaOH On account of stability problems, a crude cell extract instead of the partially purified enzyme preparation from DEAE-cellulose chromatography was used for molecular weight determination. When such an extract was subjected to Sephadex G-100 (Deutsche Pharmacia, Freiburg, Federal Republic of Germany) gel filtration, a sharp peak of NADdependent 31-HSDH was observed, corresponding to a molecular weight of approximately 56,000. Molecular . \.
weights were estimated by using cytochrome c (molecular weight 12,500), chymotrypsinogen A (25,000), ovalbumin (45,000), bovine serum albumin (68,000), aldolase (158,000), I I -and ferritin (480,000) as standards. The molecular weight of 8 9 10 11 12 the 313-HSDH from the lecithinase-lipase-negative ClostridpH juin sp. was 104,000, whereas that for the 3ox-HSDH from E.
2. Effect of pH on 3r3-HSDH activity from C. iflnocuImn lentuin was 205,000, stimulating speculations about possible . Buffer concentrations were all 0.1 M. dimerization and trimerization. With steroid hormones as substrates, a 31-HSDH from C. inno(ituin has been described which utilized the same coenzyme, NAD, but showed a pH optimum of 6.0 to 7.5 and a molecular weight of 80,000 (28 
